Radioactive and nonradioactive L-camitine and acyl-L-camitine were used to evaluate the washing procedures used during the determination of free, total, short-chain, and longchain acylcarnitine in human and sheep plasma. The volume of fluid trapped by the protein precipitated by perchlonc acid is approximately 24% of the total fluid volumeand thus contains 24% of free camitine and short-chain acylcamitine.
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Washing twice with distilled water removes about 25% of the long-chain acylcarnitine along with the trapped free camitine and short-chain acylcarnitines. Washing the pellet twice with a 60 g/L solution of perchloric acid completely removes the trapped free camitine and short-chain acylcamitine but does not remove the bound long-chain acylcarnitines. Thus washing with perchloric acid is essential for accurate measurement of long-chain acylcarnitines in plasma samples.
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There is considerable interest in the role of carnitine in various clinical disorders (1). Current sensitive radioenzymic methods (2) (3) (4) allow specific determination of L-carnitine and acyl-L-carnitine in 250-0. samples of plasma. As Genuth and Hoppel (5) emphasized, the potential clinical importance of determining the amounts of long-chain acylcarnitine in plasma may be useful for detecting carnitine palmitoyltransferase (CPT; EC 2.3.1.21) deficiency in skeletal muscle. In our investigation of a case of carnitine palmitoyltransferase deficiency we became concerned about the apparently high concentrations of long-chain acylcarnitine that we measured in plasma of controls (6) by a currently accepted method (7) . We therefore evaluated different assay procedures (7-10), and here show that error can be produced by improper washing of the perchioric acidprecipitated protein from plasma or serum, which contains the long-chain acylcarnitine fraction. The precipitate traps substantial amounts of carnitine, and an assay for longchain acylcarnitine that is done without prior washing will overestimate the amount of long-chain acylcarnitine because of the presence of trapped free and short-chain acylcarrntines. 
MaterIals and Methods

Enzymes
Palmitoyl-ia-[3H}carnitine was synthesized enzymically from palmitoyl
CoA and t-[methyl-H]carnitine
by rat liver mitochondria. Mitochondria were prepared as described (15) After a 25-mm incubation at 25#{176}C with mixing, we placed the sample on ice and added 150 hL of 12 molIL HC1. The solution was extracted three times with 1.5 ml. of isobutyl alcohol (16). The combined isobutyl alcohol extracts were neutralized with solid KHCO3, evaporated to dryness, and stored at -20 #{176}C. Thin-layer chromatography with the solvent system described in the previous section and subsequent counting of the radioactivity demonstrated that 97% of the 3H was associated with palmitoylcarnitine. 
Washing procedures.
Plasma proteins were precipitated by adding an equal volume of a 150 g/L solution of perchlonic acid and centrifuging. After removing the supernatant fluid, we washed the protein pellet with either distilled water or a 60 g/L solution of perchloric acid, and repeated the centrifugation. The wash volume was double the plasma volume. Samples were kept on ice throughout the procedure.
Results and DiscussIon
The experiments were designed to determine the distribution and recovery of added r-carnitine, short-chain acylcarnitine, and long-chain acylcarnitine when the protein precipitate from plasma was washed with 60 g/L perchioric acid or with distilled water, or processed unwashed. After equilibrating radioactive Ircarnitine, acetyl-i-carnitine, and palmitoyl-i.-carnitine with sheep plasma, we evaluated the different washing procedures. The optimized washing procedure was then used with human plasma in which one kind of radiolabeled compound served as a control and the other samples contained the endogenous carnitine/acylcarnitine pool plus known amounts of the labeled rAsomers of free carnitine and short-chain and long-chain acylcarnitine.
The recovery of free carnitine and short-chain acylcarnitines in the combined acid-soluble fraction depends primarilyon the number of washes, although the degree of packing of the protein precipitate has some effect. As shown in Table  1 , when the protein pellet is washed twice with a solution of 60 g/L perchioric acid equal to twice the volume of plasma, the amount of free carnitine associated with the precipitate is less for the more compact precipitate (experiment 1 vs 3). After three washings, <1% of the added acetylcarnitine remained with the precipitate (experiment 2).
Because the initial protein precipitate contained 25% of the total water of plasma (experiment 4, Table 1 ), the [3Hlcarnitine associated with the protein fraction was probably in trapped water. In experiment 4 any I12O adhering to the surface of the protein pellet and sides of the tube was removed by ifiling the tube with distilled water and carefully aspirating. As Table 1 In a further series of experiments to test the washing procedure on human and sheep plasma, we determined the recovery of added carnitine, acetylcarrntine, and palmitoylcarrntine from human plasma (data not shown). When the protein pellet was washed three times with a 60 g/L solution of perchlonic acid, the amount of long-chain acylcarnitine in plasma was low, 3 pmol/L for humans (n = 22)and2 pmol/L for sheep (n = 25). The pooled washings (not including the initial perchloric acid supernatant fluid) contained 24% of the total plasma carnitine for humans and23%of the total for sheep. This agrees very well with the data in Table 1, showing the protein precipitate contained about 25% ofthe total plasma water. The analytical recoveries of nonradioactive added L-carnitine, acetylcarnitine, and palmitoylcarnitine were 104, 101, and 97%, respectively (n = 3).
The data show that, for plasma samples, failure to wash the protein precipitate could cause about a fourfold overestimation of the long-chain acylcarnitine fraction and as much as a 25% underestimation of the amount of free plus shortchain acylcarnitine. This calculation assumes a total carnitine in the plasma pool of 50 pmol/L and a long-chain acylcarnitine pool of 2-3 p.mol/L; i.e., 25% of 50 pmol/L is 12.5 pmol/L, about fivefold the acylcarnitine content. In contrast, washing with distilled water would produce an underestimation of the amount of long-chain acylcarnitine, because of its partial solubilization. The best procedure is to wash the protein pellet two to three times with a solution of 60 g/L perchioric acid, combining the washes with the original perchloric acid supernatant fluid. Assaying this fraction should give an accurate value for the total free carnitine and total water-soluble acylcarnitine content of plasma. Alternatively, discarding the washings and calculating free carrntine plus short-chain acylcarnitine on the Exper.no. basis of the total volume of plnzmi plus the original perchloric acid volume would permit accurate estimate of these forms of carnitine. For accurate assay of the longchain acylcarnitine fraction, it is also essential to wash the protein precipitate with dilute perchioric acid.
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